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Objective: Thoracoabdominal aortic aneurysm (TAA) repair continues to present a surgical challenge because of obligate
intraoperative visceral, renal, and spinal cord ischemia. A novel two-graft technique with a trifurcated graft for sequential
visceral revascularization followed by a second graft for inline aneurysm reconstruction minimizes this endorgan
ischemia. We herein present our updated experience with this approach for repair of type III and type IV TAAs.
Methods: Thirty-two patients (mean age, 70 years) underwent nonemergent repair of extent III (12 patients) and IV (20
patients) TAAs between March 1996 and October 2001. Repair was achieved with a trifurcated graft for uninvolved
descending thoracic aorta-to-celiac/superior mesenteric/renal artery bypass with an additional tube or bifurcated graft
for inline aneurysm reconstruction. Adjunctive cerebrospinal fluid drainage was used in the last six patients. Six patients
had a solitary kidney, and six had previous infrarenal abdominal aortic aneurysm repair.
Results: Mean visceral ischemia times were as follows: celiac artery, 12 minutes; superior mesenteric artery, 12 minutes;
left renal artery, 10 minutes; and right renal artery, 33 minutes. The creatinine level at discharge was not significantly
different from the preoperative level (1.7 versus 1.3; P  .10). Two patients (6.3%) had transient renal failure; however,
the permanent renal failure rate was zero. No patient with a solitary kidney had renal dysfunction develop. Paraplegia
occurred in two patients (6.3%), one of whom had prior abdominal aortic aneurysm repair and neither of whom had
cerebrospinal fluid drainage. Prolonged ventilatory support (>2 days) was necessitated in six patients (19%). The
perioperative mortality rate was 6.3% (two patients). The mean follow-up period was 22 months, with a life-table survival
rate of 76% at 36 months. Maintenance of preoperative functional status was achieved in 92% (23/25 patients) of
long-term survivors.
Conclusion: Type III and IVTAA repair with a trifurcated graft for sequential visceral revascularization followed by a
second graft for inline aneurysm reconstruction provides short visceral, renal, and spinal cord ischemia times and leads to
low rates of endorgan ischemic damage and paraplegia. Preoperative functional status is maintained in most survivors.
These results compare favorably with other methods of TAA repair, and this technique presents a useful option in
thoracoabdominal aortic reconstruction. (J Vasc Surg 2002;36:211-6.)
Surgical disease of the thoracoabdominal aorta remains
a significant challenge because of obligate intraoperative
visceral, renal, and spinal cord ischemia. Preoperative risk
stratification is imprecise and at times confounding. Even a
technically sound procedure can end with the management
of debilitating complications. The surgical literature reflects
an intense interest in this topic, and ingenious methods
have been designed to minimize the potential conse-
quences of prolonged ischemia to vital end organs during
aortic cross clamping. However, perioperative complica-
tions and mortality remain a significant obstacle with which
the patient and surgeon must contend.
Contemporary mortality rates after elective type III and
type IV thoracoabdominal aortic aneurysm (TAA) repair
range from 2.2% to 13% (reference average, 8.0%).1-8 This
rate continues to improve but still varies widely depending
on patient presentation, extent of disease, comorbid fac-
tors, and surgeon experience. Furthermore, although ex-
tent type III and IV TAAs represent the patients at lowest
risk within the spectrum of thoracoabdominal aortic dis-
ease, devastating outcomes, such as paraplegia (reference
average, 4.0%; reference range, 1% to 12%), permanent
renal failure (reference average, 7.0%; reference range, 2.3%
to 12.7%), and respiratory failure (reference average, 22%;
reference range, 4.4% to 33%), still occur despite adjuncts
designed to minimize these problems.1-8 Time-tested
methods that provide vital distal aortic perfusion include
cardiopulmonary bypass circuits, left heart bypass with ex-
trinsic pump mechanisms, passive shunts, and extraana-
tomic bypass.9 Notwithstanding the wide variety, all of
these adjuncts have the goal to provide visceral, renal, and
spinal cord perfusion and protection during thoracic aortic
cross clamp application. Finally, some authors have cham-
pioned limited diaphragm division/retraction as a method
to decrease pulmonary complications.10
With similar goals in mind, we developed and reported
on a novel trifurcated/two-graft technique that was de-
signed to minimize ischemia and reperfusion insults to the
abdominal viscera, kidneys, spinal cord, and lower extrem-
ities.11,12 We herein present our updated experience with
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this approach for repair of nonemergent type III and type
IV TAAs.
METHODS
Thirty-two patients (mean age, 70 years) had nonemer-
gent repair of type III (12 patients) and type IV (20
patients) TAAs between March 1996 and October 2001.
Mean maximum aneurysm diameter was 70 mm, with a
range of 55 to 130 mm. Demographic and presenting
features of the group are listed in Tables I and II. Except for
the trifurcated/two-graft technique described subse-
quently, no other extracorporeal or spinal cord adjuncts
were used in the first 26 patients. However, adjunctive
cerebrospinal fluid (CSF) drainage was used in the last six
patients. Six patients had a solitary kidney (five left and one
right), and one other patient was dialysis dependent before
surgery. Six patients had previous infrarenal abdominal
aortic aneurysm (AAA) repair.
In brief, a left thoracoabdominal incision and extraperi-
toneal retronephric exposure of the thoracoabdominal
aorta, celiac, superior mesenteric, and left renal arteries is
used for this two-graft technique (Fig 1). The diaphragm
was radially divided to facilitate thoracoabdominal aortic
exposure. TAA repair is achieved with a trifurcated Dacron
graft (Sulzer Vascutek Ltd, Glasgow, Scotland) for thoracic
aorta-to-celiac/superior mesenteric/renal artery bypass
with an additional tube or bifurcated graft for inline aneu-
rysm reconstruction and (as needed) reimplantation of the
remaining renal artery.9,11,12 For Type III and IV TAA
repair, the trifurcated graft is positioned above the diseased
thoracoabdominal aorta. Application of a side-biting clamp
on the uninvolved descending thoracic aorta maintains
distal visceral, renal, lower extremity, and spinal cord per-
fusion while the trifurcated graft is secured in an end-to-
side fashion. Atraumatic vascular clamps then are posi-
tioned across each limb of the trifurcated graft, and the
side-biting clamp is removed from the descending thoracic
aorta to resume uninterrupted distal aortic blood flow.
Thereafter, in the usual scenario, the left renal, superior
mesenteric, and celiac arteries are sequentially transected
just distal to their flush ligation on the diseased aorta.
Direct end-to-end mesenteric/renal bypasses with each
limb of the trifurcated graft significantly limit endorgan
ischemia and, if needed, facilitate prebypass eversion end-
arterectomy (Fig 2). In the event that one of the aforemen-
tioned vessels is not revascularized (eg, absent left kidney or
diminutive celiac artery), the third limb of the trifurcated
graft can be swiftly anastomosed to the right renal artery
orifice from within the opened aneurysm.
The remaining diseased thoracoabdominal aorta then is
replaced with an inline tube or bifurcated graft as dictated
by the case at hand. Open intercostal arteries from the ninth
thoracic vertebrae through the first lumbar vertebrae are
incorporated into the proximal anastomosis or reattached
as a separate island to the inline aortic replacement graft.
More distal lumbar arteries are suture ligated. Reimplanta-
tion of the right renal artery into the body of the inline graft
with the inclusion technique completes visceral artery re-
construction (Fig 3). Closure is uncomplicated because the
diaphragm can be reapproximated around both grafts with-
out creating a potential space for herniation of abdominal
contents into the chest.
Outcome measures included visceral/renal ischemia
times, perioperative and long-term patient survival, and the
incidence of endorgan ischemic damage and paraplegia.
Other endpoints measured included intensive care unit and
hospital days, days of intubation, need for postoperative
blood transfusions, and discharge/long-term creatinine
levels. Postoperative ambulatory and living status also was
compared with preoperative status. Data were exported
from our prospectively maintained vascular registry into a
statistical software program (SPSS for Windows v10) and
analyzed with Student t test,  test, univariate/multivariate
logistic regression, and life-table method according to So-
ciety for Vascular Surgery/American Association for Vas-
cular Surgery reporting standards. A P value of less than .05
was considered statistically significant.
RESULTS
Mean visceral ischemia times were as follows: celiac
artery (32 patients), 12 minutes; superior mesenteric artery
(32 patients), 12 minutes; left renal artery (30 patients), 10
minutes; and right renal artery (26 patients), 33 minutes.
The mean operative blood loss was 3400 mL. Average
intraoperative blood transfusion requirements in addition
to cell saver blood were 3 units per case (range, 0 to 9
units). Mean blood transfusion requirements after surgery
were 1.7 units (range, 0 to 6 units). Two patients (6.3%)
Table I. Patient demographic features
Male gender 56%
Female gender 44%
Patient age 75 years (average, 70 years) 22%
Nicotine abuse (present or past) 94%
Hypertension (medically treated) 88%
History of MI, CHF, or angina 75%
History of COPD 50%
Elevated cholesterol/lipid levels (medically treated) 44%
Renal insufficiency (Cr 1.5) 25%
Diabetes (IDDM or NIDDM) 9%
MI, Myocardial infarction; CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; Cr, creatinine; IDDM, insulin-dependent
diabetes; NIDDM, non–insulin dependent diabetes.
Table II. Presenting patient features
Asymptomatic 50%
Rapid expansion 25%
Contained rupture 16%
Inflammatory 6%
Compression of adjacent structures 3%
Concomitant vascular disease
Aortoiliac occlusive disease 27%
Renal artery stenosis 60% 23%
Mesenteric artery stenosis 60% 10%
Infrainguinal occlusive disease 7%
None 33%
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had transient renal failure necessitating postoperative dial-
ysis for 4 and 6 weeks; however, the incidence rate of
permanent renal failure was zero. No patient with a solitary
kidney had renal dysfunction develop. The mean creatinine
levels at discharge and at latest follow-up were not signifi-
cantly different from the preoperative level (1.7 versus 1.3
and 1.3 versus 1.3, respectively; both P values .05). Two
patients (6.3%) were returned to the operating room for
evacuation of retroperitoneal hematomas without an iden-
tified bleeding source. The median number of intubated
days per patient was 1.00 (mean, 3.5). Six outliers (19%)
needed prolonged intubation for 5, 12, 15, 15, 16, and 17
days because of pulmonary insufficiency. Paraplegia oc-
curred in two patients (6.3%), one of whom had prior AAA
repair and neither of whom had CSF drainage. No occur-
rence was seen of gastrointestinal dysfunction or lower
extremity ischemia.
The median intensive care unit stay was 3 days (range, 1 to
26 days), and the median hospital stay was 8.5 days (range, 4
to 42 days). The perioperative mortality rate was 6.3% (two
patients). One perioperative death followed a hemodynami-
cally significant myocardial infarction on postoperative day 5,
and the other was associated with paralysis and multisystem
organ failure. A trend was noted for increased risk of periop-
erative death when TAA repair was complicated by postoper-
ative paralysis (P .05, with multivariate analysis). No other
variables predicted perioperative outcome.
The mean follow-up period was 22 months, with a
life-table survival rate of 76% at 36 months. Myocardial
infarction (four patients) and pulmonary failure (one pa-
tient) were the causes of late death. Logistic regression
analysis showed postoperative blood transfusion of more
than 2 units to be associated with decreased long-term
survival (P  .04). No other variable was predictive of
long-term patient survival. Postoperative duplex ultra-
sound scan surveillance of the trifurcated graft limbs at 2
months, 6 months, and 1 year showed a 100% limb patency
rate in all long-term survivors. Maintenance of preoperative
functional status was achieved in 92% (23/25 patients) of
long-term survivors.
Fig 2. Trifurcated graft attached end-to-side to uninvolved descending thoracic aorta with sequential end-to-end
visceral/renal bypasses.
Fig 1. Retronephric, extraperitoneal TAA exposure after dissection of left renal, superior mesenteric, and celiac
arteries.
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DISCUSSION
Most complications related to thoracoabdominal aortic
reconstruction stem from ischemia-induced injury to the
viscera, kidneys, and spinal cord. In addition to adjunctive
methods designed to minimize spinal cord metabolic de-
mand during aortic cross clamp application, a variety of
extracorporeal techniques have been developed to provide
supplemental blood flow to vital end organs during the
period of clamp-induced ischemia. Contemporary methods
that provide distal aortic perfusion include cardiopulmo-
nary bypass circuits, left heart bypass with extrinsic pump
mechanisms, distal aortic/visceral/renal perfusion without
an extrinsic pump device, passive shunts, and extraanatomic
bypass.9 These techniques represent a broad range of de-
sign complexity and command significant operator exper-
tise to optimize their benefit.
Although these methods all attempt to minimize isch-
emia and reperfusion insults to the viscera, kidneys, spinal
cord, and lower extremities during thoracoabdominal aor-
tic reconstruction, we have had inconsistent results, despite
a working knowledge of all these techniques. Less than
glowing results coupled with experience reoperating on
TAAs that had large pseudoaneurysms of their visceral
patch segment were the impetus for the development of the
trifurcated/two-graft technique. In these redo cases, it was
apparent that an extraperitoneal retronephric plane of dis-
section facilitated lengthy exposure of the uninvolved tho-
racoabdominal aorta, left renal, superior mesenteric, and
celiac arteries before the diseased aorta had to be addressed.
Design concepts used to limit endorgan ischemia included:
1, tangential thoracic aortic clamping; 2, individual aortic
branch vessel reconstruction with a multilimb graft; and 3,
separate distal revascularization. Our goal was to eliminate
or greatly minimize all endorgan ischemia.
Critical outcome measures, including perioperative
mortality, paralysis, renal failure, and respiratory failure, are
similar in incidence with this two-graft technique compared
with other contemporary methods of elective type III and
IV TAA repair.1-8 Even though this technique is best
performed with radial division of the diaphragm, 53% of
patients underwent extubation within 24 hours of surgery
and another 28% underwent extubation on postoperative
day 2. We have been particularly encouraged with the low
incidence rate of renal, gastrointestinal, coagulopathic, and
lower extremity complications. Single-kidney cases pose
the highest risk for perioperative renal failure, yet the six
patients with a solitary kidney in this series did not have
perioperative or long-term renal dysfunction.10 Renal isch-
emia time for these cases was a mean of 9.5 minutes
because of the ability to selectively bypass the patent renal
artery with one of the trifurcated graft limbs. Even so,
paraplegia remains a vexing problem.1-8,10,13-15 We had
originally hoped that this technique would eliminate this
devastating complication, and for the first 24 cases, this was
true. However, cases 25 and 26 were complicated with
paraplegia. One of these (type III TAA) had no patent
intercostal arteries present to revascularize, and the other
(type IV TAA) had previous AAA repair and also had all
patent intercostal arteries either incorporated into the prox-
imal anastomosis or reattached to the inline aortic replace-
ment graft. On the basis of these cases, we added CSF
drainage to the surgical algorithm, even though both of
these cases had extenuating circumstances. In our opinion,
the addition of CSF drainage to the trifurcated graft/two-
graft technique is a positive complement with little down-
side.
Although this technique does not eliminate complica-
tions related to TAA repair, it does have some inherent
advantages compared with other methods. Anticoagulation
therapy can be greatly minimized because of the segmental
and sequential nature with which the thoracoabdominal
aorta and endorgans are revascularized. Other extrinsic
circuit mechanisms necessitate substantial intravenous hep-
arin administration with the potential for uncontrolled
bleeding and coagulation disorders.9 Furthermore, no
need exists for either passive or forced hypothermia, which
also potentially decreases the incidence rate of intraopera-
tive or postoperative coagulopathy. Direct end-to-end vis-
ceral and renal bypass facilitates eversion endarterectomy
and eliminates the visceral/right renal patch that can de-
Fig 3. Completed repair of extent III or IV TAA. Note that right renal artery and open intercostal arteries from ninth
thoracic vertebrae to first lumbar vertebrae have been reattached to body of inline aortic reconstruction graft.
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generate over time.16,17 Temporary side arm grafts that are
constructed to provide visceral perfusion only to be ligated
later are not necessary.9,10 The technique essentially boils
down to multiple graft-to-artery and in some cases graft-
to-graft anastomoses. These aortic reconstruction tech-
niques and the surgical exposure are all within the arma-
mentarium of peripheral vascular surgery. Therefore, the
procedure can proceed in an unhurried fashion with time-
tested suture and thoracoabdominal exposure methods
that were originally described by the early pioneers of
vascular surgery.18-21
A fundamental requirement for success of the trifurcat-
ed/two-graft technique for repair of extent III and IV
TAAs is the presence of a segment of uninvolved descend-
ing thoracic aorta to safely attach the trifurcated graft in an
end-to-side fashion. Although this segment of descending
thoracic aorta is frequently ectatic, to date no episodes have
been seen of distal embolization during tangential thoracic
aortic clamp application. Partial aortic occlusion maintains
spinal cord and distal aortic perfusion during this portion of
the procedure. No aortic clamp is needed while sequential
visceral/renal bypasses are constructed. Then, application
of an aortic cross clamp between the diseased thoracoab-
dominal aorta and the more cephalad trifurcated graft
facilitates construction of the proximal anastomosis of the
second graft and reimplantation of intercostal arteries while
the revascularized visceral vessels are perfused through the
trifurcated graft limbs. Right renal artery ischemia time is
still reasonable with this algorithm, and distal reconstruc-
tion then proceeds in the usual fashion.
The technique also can be modified for treatment of
extent I and II TAAs by first constructing a right axil-
lofemoral bypass with a 10-mm supported Dacron graft
(Sulzer Vascutek Ltd) to allow retrograde aortic perfusion.
This extracorporeal technique minimizes visceral, renal,
and lower extremity ischemia during graft replacement of
the descending thoracic aorta and reattachment of intercos-
tal arteries. In these cases, aortic cross clamps are first
applied at the left subclavian artery level and the mid
descending thoracic aorta. A Dacron tube graft (Sulzer
Vascutek Ltd) is secured proximally, and open intercostal
arteries between the clamps are oversewn. The distal aortic
clamp then is repositioned just above the celiac artery to
facilitate reimplantation of any open intercostal arteries in
the distal descending thoracic aorta. A trifurcated graft then
can be attached to the side of the inline aortic graft, and the
procedure completed as described previously (Fig 4). This
sequential clamp technique may be precluded in the setting
of a very large extent I or II TAA with extensive mural
thrombus. Despite the theoretic risk for distal embolization
in this circumstance, we have not encountered this compli-
cation in our initial experience with this technique for repair
of extent I and II TAAs.
This trifurcated/two-graft technique also has proven
useful for other complex thoracoabdominal aortic recon-
structions that necessitate reoperation for visceral patch
pseudoaneurysm as an example or for revascularization of
multiple visceral/renal vessels in conjunction with aortic
replacement.22 Future application of this surgical method
might include cases in which infrarenal or juxtarenal aortic
clamp application is deemed unsafe. Severe periadventitial
inflammation associated with a previously deployed en-
dograft would be one such example, and remedial aortic
reconstruction after planned suprarenal endograft deploy-
ment would be another. In these situations in which supra-
visceral clamp application may be prolonged, development
of an operative strategy that minimizes ischemia to vital
endorgans is imperative. Our increasing experience with
this technique has shown that even the most complicated
thoracoabdominal aortic reconstructions can proceed in a
controlled manner with few extra adjuncts and limited
visceral, renal, and spinal cord ischemia.
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DISCUSSION
Dr Jeffrey L. Ballard. Bill, thank you for your insightful
comments.
Pulmonary failure has been the least of my worries with these
cases. The median number of intubated days per patient was 1.5 in
this series (mean was 3.73 days). Only 20% of patients were
intubated for more than 2 days. There were five outliers who were
intubated for 12, 15 (2 patients), 16, and 17 days, respectively.
The side-biting clamp is applied only to uninvolved descend-
ing thoracic aorta and not to the segment immediately above the
aneurysm. The distance between the proximal extent of aneurysm
and the trifurcated graft must be sufficient to allow subsequent
application of an aortic occluding clamp. So far, the incidence of
peripheral embolization has been zero.
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